Résumé. 2014 Nous présentons une preuve, par la méthode des répliques, de 
L-719
What is the static Edwards- Abstract. 2014 We present a replica derivation for the claim that the averaged square of the local spin expectation value in the long-range spin glass model is equal to the minimum, q(0) of Parisi's order parameters q(x). This corresponds to the dynamic interpretation of q(x) due to Sompolinsky. We show that q(0) obeys a power law q(0) ~ b2/3 for low external fields b and all temperatures 0 T Tc. [3] . Unfortunately the definition (1) [6, 7] that ~(1) is equal to q since this accounts well for the results of computer simulations [8] . However [10] The second equality follows by partial integration, the inequality follows decomposing Si Sj &#x3E; 2 into Xij + Si ~ S~ ~ and using the positivity of the matrix Xij and of ( ~ (( ~ )~ 2013 ~ ~ ~)) .
.
B' /
According to the theory of Sompolinsky ~(1) is the quantity that is calculated in computer simulations and q = q(0). The last claim has never been written down but it is the natural consequence of Sompolinsky's theory. We present below a replica derivation of this statement which also reflects why the replica derivation of the local susceptibility does not give the result which is obtained for finite N by varying only the one local field at the site considered. The replica derivation gives the renormalized local susceptibility discussed below. YK claimed that q cannot be simply expressed by q(x). However they calculated q using a restricted ensemble of spins having a positive projection onto the magnetization, since then q as function of the external field b extrapolates linearly to a finite value for &#x26; -~ 0. However, there exist many possibilities of such restricted ensembles which all give different results for b --&#x3E; 0 (a few have been presented by YK). They seem to correspond to the different relaxation times of Sompolinsky. The linear extrapolation for &#x26; -~ 0 may correspond to a certain q(x). One calculation of YK without restriction is well compatible with a power law dependence of q for &#x26; -~ 0. It shows that the linear extrapolation calculated with the restricted ensemble mentioned above starts at a field which is an order of magnitude greater than the field where the magnetization rapidly goes to zero. We will show below that q(O) has a power law dependence for all temperatures T &#x3E; 0 below the critical temperature T~. This has been shown by Parisi [6] for T ~ T~. Besides it follows that q(O) = 0 for b = 0 which coincides with the result of Morgenstem and Binder in two and three dimensions [11] . Thus [14] . Furthermore we calculate the magnetization and susceptibility for low fields and explain the difference between local susceptibility, renormalized local susceptibility and total susceptibility.
We start with a replica derivation of q = q(O). The replica method consists of averaging Tr W" with a positive integer n and W = exp( -#H) and trying to obtain log Tr W from the continuation ~ -~ 0. We may also directly calculate derivatives of the free energy by the replica method. A crucial point is that Tr W" can be written as an integral over variables ~, 0 a /3 n, which can be evaluated for N -~ oo by saddle point integration. Let us divide the n replicas { a } into two groups { CXI }, { a2 } with n 1, n2 replicas Assume now that the local external field bil~ in the first group is different from the field b~2~ in the second group. Then
The index a or a 1, a2 indicates which replica the spin S a belongs to. S~ ~ 1, Sl ~ 2 mean the expectation values in the fields b~l~, i respectively. The traces should be normalized so that Tr 1 = 1. W" in equation (10) means actually M~'. W 2 with different fields in the two groups.
We have explicitly used the fact that b~ 1 ~ is independent of a 1 and bi (2) is independent of (X2. Thus Tr Wn Sf1 Sf2 is a constant.
Now we have to average and to take the limit n -~ 0. From equation (10) we get We are interested in the limit N -+ oo. The r.h.s. of equation ( 11 ) [7] . For a system of two replicas equation (12) figure 1 . In a next step the same procedure is applied to the q matrices and so on. We see from figure 1 that the only possibility for dividing the replicas into two groups with the desired property is that nlm, and n2/ml are integers. Thus we get for the Parisi solution in the limit n -+ 0
In our approach the partition (nl, n2) is given first and then the limit N ~--~ oo is taken, which produces the stable replica symmetry breaking scheme. Therefore the partition is not completely arbitrary if we start from Parisi's solution.
We can use the same method to find the averages of higher powers of Si &#x3E; : Up to this order we find This is the usual relation between the magnetization and the susceptibility for low fields. However, because of the singular behaviour, equation (23), this is not the total susceptibility Parisi [6] did not distinguish between the two susceptibilities. mo is the renormalized local susceptibility, it is the derivative of the magnetization with respect to the external field for fixed order parameters q(O), q'(x). Thus it does not contain the critical dependence on the magnetic field. For fixed order parameters it can be expanded in powers of the external field. On the other hand, for the total susceptibility the dependence of the order parameters on the external field is needed. The unrenormalized local susceptibility obeys a simple Curie law for b = 0 since q(O) = 0, however this is not a macroscopic thermodynamic quantity in the spin glass phase. From the replica calculation it is easily seen that
The above replica derivation shows that the right hand side is only equal to the unrenormalized local susceptibility, ~ Si )/b~bi = 1 -( Si )2 if ~ is constant, i.e. without replica symmetry breaking.
